| Abstract |1 ) PURPOSE: The purpose of this study was to compare muscle activation of the trunk and lower limbs of subjects wearing high-heeled or flat shoes while crossing over obstacles of different heights.
ing injuries. Shoes were developed with the goal of preventing injuries and reducing the loads imposed on the human body; shoes have been used diversely depending on the form of exercise, speed, posture, number of repetitions, ground condition, and personal characteristics. However, in the past, the roles of shoes and their benefits have rarely been considered, and changes in muscle activity related to balance and gaits due to shoe wearing have not been considered important (Menz and Lord, 1999) . According to many studies, high-heel shoes elevate the medial longitudinal arch of the sole. Feet with heightened medial longitudinal arches are associated with functional problems and damage to the musculoskeletal system (Cowan et al., 1994) . Additionally, high-heel shoes cause the body weight to be loaded mostly on the front part of the feet during gait (Blanchette et al., 2011) , and heel height greatly affects the mobility and stability of the feet that to support natural gait and the maintenance of appropriate balance, shoes should have large areas that contact the ground, they should have low heels, and they should be constructed of materials that are soft and flexible (Powell et al., 2000) . High-heel shoes may adversely affect gait and balance functions, such as increasing plantar flexion and changing body arrangements, and such effects prominently appear in the ankle joints (Snow et al., 1992 , Lee et al., 2009 . Such effects may also affect the activities of the muscles around the ankle joints. As heel heights increase, the calf muscle is shortened, and the tibialis anterior is extended, which leads to decreases in the contractile force of the tibialis anterior according to the relationship between the length and tension of the muscle. Therefore, wearing high-heel shoes induces weakness in the tibialis anterior and weakens the muscle strength of the lower leg while inducing dynamic changes in the feet and cause imbalance in the lower limb alignment and thereby limit the range of movement of the ankle joint (Abbud et al., 2009) . Weakened lower limb muscle strength leads to reductions in gait speed, balance ability, and stair-climbing ability. Diverse changes in the musculoskeletal system, such as an ankle muscle strength reduc-tions, damage to ligaments, ankyloses, and inappropriate body arrangements, are causes of ankle instability (Garn and Newton, 1998) . Wearing high-heel shoes increases the plantar flexion of the ankle joints, which changes the relative positions of the bones in the joints and the points of origin of the muscles. Eventually, wearing high-heel shoes leads to changes in the positions of body segments and the center of gravity, which result in kinetic changes to compensate for these other changes (Snow and Williams, 1994) .
Although the high-heel shoes preferred by most women are frequently mentioned as a risk factor that can cause problems not only in the feet and ankles but also in the entire body, studies of the changes in muscle activity that may appear due to high-heel shoe wearing and related physical changes are rare (Gefen et al., 2002) . Additionally, few studies have been conducted on the effects of external environment factors, such as ground conditions and obstacles, on gait.
Obstacle gaits are movements that require highly harmonized joint movements in which the stance phase of the lower limbs should include accurate contact with the ground to maintain body balance, while the swing phase of the lower limb should involve fine adjusting movements (Chesnin et al., 2000) . Obstacle gaits are complicated movement tasks that are related to many movements in daily living activities (Said et al., 2001) . Despite the fact that gaits that are affected by external environments frequently occur during daily living activities, studies of this subject are very rare. The diagnosis and evaluation of gait in special situations in daily living, such as negotiating environmental obstacles, are important for patients (Power et al., 1997; Han, 2014) .
In this respect, the present study was conducted to measure and compare changes in the activities of stance-side trunk muscles and lower limb muscles while subjects wearing high-heel shoes walked over obstacles.
The study was designed to compare the activities of the stance-side trunk and lower limb muscles while healthy adult females wearing different types of shoes (high-heel shoes and flat shoes) moved over obstacles that were 10%, | 87
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Ⅱ. Methods

Subjects
The present study was conducted with 20 young women who had been wearing high-heel shoes in their daily lives for at least four hours per day, three days per week, for at least one year (Snow and Williams, 1994) . Those with neurologic or orthopedic ankle problems, any ankle injury within the previous six months, current discomfort or pain anywhere in the body, current pregnancy, or any psychiatric problem was excluded from the study. The subjects were instructed to kick a ball, and the foot they used to kick the ball was identified as the dominant foot (Edwards et al., 2008) . The dominant foot of each subject was the left foot. The general characteristics of the study subjects were as follows: age, 22.18±1.57 years old; height, 159.81±4.96 cm; and weight, 49.81±3.32 kg.
Apparatus
Electromyography (Noraxon, DTS, Germany) was used as a measurement tool. The rectus abdominalis (RA), erector spinalis (ES), external oblique abdominalis (EO), and internal oblique abdominalis (IO) of the trunk were taken as the measurement regions, and the rectus femoris (RF), semitendinosus (ST), tibialis anterior (TA), and gastrocnemius (GC) of the lower limb on the stance-side while the subjects walked over the obstacle were selected.
The activity levels of these muscles were examined.
The muscle activity signals from the individual muscles were processed into root mean square (RMS) values and quantified with reference to voluntary contraction (RVC) because RVC tends to decrease the sensitivity to differences in RMS EMG signals between individuals during moving activities such as gait. The average RVC values were taken from three repeated measurements, and the muscle activities during flat land walking in both types of shoes were determined as the RVCs of each experiment (Criswell, 2011) . Thereafter, the experimental results were standardized as percentages of the measured RVC values (%RVC).
Task and procedure
The subjects performed the experiments wearing high-heel shoes (7 cm) and flat shoes (0 cm). The constructed obstacles had adjustable heights. The obstacle heights were set to 10%, 20%, and 30% of the length between the anterior superior iliac spine (ASIS) and the medial malleolus (MM) of each subject. For example, if the lower limb length was 80 cm, the 10%, 20% and 30% obstacle heights were 8 cm, 16 cm, and 24 cm, respectively.
The lower limb length was determined by measuring the length from the most prominent point in front of the pelvis in a supine position (ASIS) to the MM. The obstacles were 2 m long and 2 cm thick and were installed such that they could fall in the walking direction to prevent falls when a subject was caught by the obstacle.
The subjects performed 5 minutes of gait practice to acclimate to the laboratory and were instructed to walk at a normal pace. Subsequently, a starting point was marked.
The subjects performed the gait practice repeatedly to ensure consistent gait habits. They were instructed to begin walking from the starting point when a signal was given and to move over the obstacle. Analysis began when subjects passed over the obstacle.
Statistical analysis
The experiments were conducted by randomly sampling the gait analyses results for each of the different shoes worn by the subjects and each of the different obstacle heights. The values were measured three times in each experiment, and the average value was used in analysis.
Two-way repeated ANOVAs were used to compare the trunk and lower limb muscle activities while the subjects walked over obstacles of different heights between the high-heel shoe wearing and flat shoe wearing conditions.
All statistical analyses were conducted using the SPSS version 21.0 program. P-values below .05 were taken to indicate significant differences. Ⅲ
. Results
Comparison of muscle activity between high-heeled shoes and flat shoes depending on obstacle's heights
The results derived through the above mentioned study methods are shown in Table 1 . Table 1 is a schematization of the %RVC values of the stance-side trunk and lower limb muscle activities while walking over the obstacles of different heights were analyzed according to shoe type.
In the present study, the differences in the muscle activities between the shoe types at the same obstacle height were not significant (p>.05).
Comparison of muscle activity according to obstacle's height in high-heeled shoes and flat shoes
In general, the supported side trunk and lower limb muscle activities increased as the obstacle heights increased regardless of shoe type. Considerable increases were identified in muscles other than the RA and the EO (p<.05).
Additionally, most of the analyzed data indicated greater | 89
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However, according to the %RVC results for the tibialis anterior while the subjects walked over obstacles according to shoe type, greater muscle activities were observed when the subjects were wearing flat shoes than when they were wearing high-heel shoes.
Ⅳ. Discussion
High-heel shoes induce changes in soft tissues around the feet by increasing the amount of vertical impact during standing and movement and may reduce muscle strength in the feet and ankle and damage the ligaments and joints.
Because these changes may be detrimental to body arrangement and induce ankle instability, high-heel shoes are considered to be a cause of overall musculoskeletal system lesions (Garn and Newton, 1998) . Additionally, high-heel shoes may greatly affect the mobility and stability of the feet, and such changes are also related to motor control abilities. Because obstacle gaits are movements that require highly harmonized joint movements in which the lower limbs should accurately contact the ground during the stance phase to maintain body balance, and the lower limbs should finely adjust the movements during the swing phase (Chesnin et al., 2000) . Therefore, the eccentricconcentric contractions that continuous occur in the muscles around the ankle reflect the continuous muscle contraction activity and should be directly related to muscle fatigue (Svantesson et al., 1998) . Gait is frequently affected by external environment factors during daily living activities.
Therefore, based on previous studies, the diagnosis and evaluation of gait in special situations of daily living, such as the negotiation of environmental obstacles, is important (Fajen and Warren, 2003) .
In the present study, the differences in muscle activity levels according to shoe type at the same obstacle height were not significant. However, most of the results of the comparison of the stance-side trunk and lower limb muscle activities while the subjects wore shoes with different heel heights indicated greater activities while wearing the high-heel shoes. Interestingly, according to the tibialis anterior %RVC results, higher muscle activities were present when the subjects wore flat shoes than when they wore high-heel shoes. The calf muscle activity increased when the high-heel shoes were worn, while the activity of the tibialis anterior when flat shoes were worn was increased. These results indicate that the foot and ankle muscles were imbalanced and that the muscles were not contracting at the appropriate times, which reduced stability. This condition can cause musculoskeletal system problems throughout the entire body (Gefen et al., 2002; Yu et al., 2013) . These differences in muscle activity are considered to be attributable to differences in kinematic phenomena caused by the relatively greater plantar flexion of the foot when walking in high-heel shoes compared with flat shoes. When woman are wearing a pair of high-heel shoes, the center of gravity of her upper body moves forward and the lower limb center of gravity moves backward (Snow and Williams, 1994) . This supposition is supported by the results of the present study, which indicated that the activities of the stance-side trunk and lower limb muscles increased when the subjects walked over the obstacles. Specifically, the above result can be explained by the results that have indicated that the muscles continuously contract to maintain ankle joint stability (Malmir et al., 2017) and can be understood as resulting from the body's dynamic adaptation, which manifests as a state of plantar flexion while wearing high-heel shoes (Foster et al., 2012) .
The present study has several limitations. First, because the present study evaluated muscle activities in young women, the results may not be generalized to people in all age groups. Second, the effects of high-heel shoe wearing were evaluated with a focus on activities of the stance-side trunk and lower limb muscles the while subjects walked over obstacles. Third, dynamic elements, such as changes in foot pressure and force moments, which may be imposed on the feet and the ankles and kinematic elements related to joint movements and changes in the movements were not measured. Therefore, the results of the present study may not be applied to all aspects of the feet and ankles. Therefore, studies measuring the effects of high-heel shoe wearing that incorporate a wider range of conditions and address these limitations should be performed.
Ⅴ. Conclusion
The results of this study indicated that when subjects wore high-heel shoes, the stance-side trunk and lower limb muscle activities increased, and the activities of the muscles around the ankle increased, whereas the activity of the tibialis anterior decreased when the subjects walked over the obstacles. Therefore, based on the results of the present study, wearing high-heel shoes may easily cause trunk and lower limb muscle fatigue and may specifically weaken the tibialis anterior. In relation to these issues, we examined how human movements are affected by environmental factors to identify the effects of such movements on the musculoskeletal system and to provide basic data that are necessary for understanding the musculoskeletal system and providing useful information for future studies in related areas.
